There is growing evidence that diversely defined blood pressure variability (BPV) is an independent predictor of hypertensive target organ damage (TOD) and cardiovascular events. Several mechanisms have been speculated to underlie episodes of increased BPV, including the impairment of autonomic or hormonal regulation, renal dysfunction, and increased arterial stiffness. Within-home BPV, defined as differences in BP values obtained on a single occasion at home, could have prognostic significance for hypertensive TOD. It is typically thought that BP values are decreased with repeated measurements on a single occasion at home, but in the present subanalysis of 4,149 J-HOP (Japan Morning Surge-Home Blood Pressure) study patients, approximately 20% of the patients' home BP values were increased or unchanged by repeated measurements on a single occasion. In addition, those patients were likely to have hypertensive TOD. Thus, home BP measurement should be taken twice or more to detect the increase trend in home BP, which has been defined as within-home BPV.
which was a strong predictor of stroke in systolic BP (SBP), independent of the mean SBP value [4] . Mid-term BPV has been defined as day-by-day BP fluctuation in home BP (HBP) values, and it has been also shown to contribute to the risks of total, cardiovascular, and stroke mortality [5] . Short-term BPV is defined as reading-to-reading BP fluctuation in ambulatory BP measurements, which has also been demonstrated to be a significant and independent predictor of mortality and of cardiovascular and stroke events [6] .
Several mechanisms have been suggested to underlie episodes of increased BPV, including the impairment of autonomic or hormonal regulation, renal dysfunction, and increased arterial stiffness [7] . Each of the above-described types of BPV has been examined in light of the clinical implications of multiple BP measurements and clinical applications. Even for multiple BP measurements obtained on one occasion, the BPV was reported to be a prognostic marker of cardiovascular events [1] , in a phenomenon named 'within-visit BPV' in clinic BP measurement. Conversely, some studies showed no association of within-visit BPV with outcomes [8] .
In accordance with this trend, within-home BPV (defined as differences in BP values obtained on a single occasion at home) could have prognostic significance for hypertensive TOD. However, our previous guideline for HBP measurement recommended taking one BP measurement twice a day, in the morning and evening. We revised this recommendation to an average of two measurements on each occasion (morning and evening) in accordance with the European guideline [9] . Within-home BPV has not been studied sufficiently. In the present study, we conducted a subanalysis of the Japan Morning Surge-Home Blood Pressure (J-HOP) study to determine whether the differences in BP values measured on a single occasion at home can be used to predict hypertensive TOD, and our results demonstrated that an increased trend in HBP values obtained on a single occasion is associated with hypertensive TOD [10] .
Brief Methods and Protocol of the J-HOP Study
The J-HOP study enrolled 4,149 ambulant patients. HBP values were measured by the patients, using a validated upper arm cuff oscillometric BP device according to the Japanese Society of Hypertension 2004 guidelines [11] . This device automatically takes three measurements at 15-second intervals after a measurement button is pressed once. For the measurement of HBP, the patients were instructed to take their BP in a sitting position after at least 2 min of rest, and to measure their morning HBP and evening HBP in a sitting position each day for a 2-week period. All data in the HBP measurement device were downloaded to a computer and sent to the study control center.
The single-occasion difference in HBP values was defined as the difference between the first HBP value minus the average of the second and third HBP values. To avoid using an arbitrary definition, we defined the median quintile group (third quintile) as the comparator group. We hypothesized that the differences in BP values measured on a single occasion at home can be used to predict hypertensive TOD, and we contend that our findings provide evidence for recommending multiple BP measurements on a single occasion at home.
Results of Our Subanalysis of the J-HOP Study
The first BP and the mean BP values of twice measurements have been shown in table 1 . We divided all 4,149 patients of the J-HOP into quintile groups according to the differences between their first home SBP values and the average of the second and third home SBP values. Compared to the median quintile group, the patients in the first quintile group (i.e., those with elevated second and third home SBP values compared to the first value) were significantly older, significantly more likely to be male, and had significantly lower body mass index values, a significantly higher percentage of alpha-blocker medication use, a significantly higher smoking rate, a significantly higher rate of diabetes mellitus, and a significantly higher average of the second and third home SBP values. Compared to the quintile median, the fifth quintile patients (i.e., those with the greatest differences between their first home SBP values and the average of the second and third home SBP values) were significantly older, significantly more likely to be female, and had a significantly higher rate of hypertension, a significantly lower smoking rate, and significantly higher average home SBP.
Compared to the quintile median, the fifth quintile patients (i.e., those with the greatest differences between their first home SBP values and the average of the second and third home SBP values) were significantly older, significantly more likely to be female, and had a significantly higher rate of hypertension, a significantly lower rate of smoking, and significantly higher average home SBP values. Compared to the quintile median values, the TODs of the first quintile patients were significantly higher brain natriuretic peptide (BNP) levels, significantly higher NT-pro BNP levels, significantly higher brachial-ankle pulse wave velocity values, and significantly lower estimated glomerular filtration rate (eGFR) values. There were no significant differences among the quintile groups based on the difference between the first and the average of the second and third home SBP values in the left ventricular mass index, the urinary albumin creatinine ratio, the level of high-sensitivity cardiac troponin, or the intima-media thickness. On the other hand, compared to the quintile median values, the TODs of the first quintile patients were significantly higher NT-pro BNP. There were no significant differences among the quintile groups according to the difference between the first and the average of the second and third home SBP values in the other TODs.
We performed a UNIANOVA to test these TOD indicators independently of their association with the difference between the first and the average of the second and third home SBP values. Significantly different factors among quintile groups were selected as covariates for the confounding effects in the UNIANOVA, and the Bonferroni test was used for the multiple pairwise comparisons compared with the median quintile group. In the post hoc test, compared to the quintile median, the first quintile patients had independently and significantly higher BNP, higher NT-pro BNP, and lower eGFR values.
Changes in BP Values Obtained on a Single Occasion
Approximately 20% of the patients' home SBPs were not changed or were increased by the repeated measurements on a single occasion. In addition, 20% of the patients' home SBP values were decreased by >5 mm Hg with repeated measurement. Several studies have shown that SBP has a tendency to decrease with repeated measurement after the first reading; the reported differences between the first and second measurements were the averaged values 2.3 [12] and 3.5 mm Hg [13] . These repeated-measurement BP differences obtained on a single occasion have been observed for 7 [14] and 6 days [15] . However, these results were calculated from mass data. When the focus was on individual subjects' SBP changes over repeated (triplicate) measurements, decreased SBP was seen in 60% of the Table 1 . Single versus twice BP measurement(s) for within-home BPV subjects, increased SBP was observed in 30%, and no change was seen in 10% [16] . Thus, it is important to keep in mind that with repeated measurements, many individuals will show increased HBP.
Mechanisms by Which the Increase in the Second and Third Values Would Result in Adverse Outcomes
Several studies have noted that sympathetic nerve hyperactivity was associated with deteriorated BNP [17] and chronic kidney disease [18] . Easy sympathetic nerve hyperactivation due to an individual's astonishment upon seeing his or her own first BP values causes an elevation of SBP in the second and third measurements on a single occasion. Thus, the patients who easily develop sympathetic nerve hyperactivation may be likely to have deteriorated hypertensive TOD values: i.e., increased BNP, increased NT-pro BNP, and decreased eGFR ( fig. 1 ) .
It has been speculated that peripheral vasodilatation could be induced by nitric oxide, which was activated with compression sleeves in patients with normal endothelial function [19] . Therefore, the BP would be unlikely to decrease in patients with endothelial dysfunction, who are likely to be associated with TOD ( fig. 1 ).
Clinical Applications of Our Findings
The methods and vision for applying our present findings in clinical settings are as follows. 
